The recent federal education bill, No Child Left Behind, requires states to test students in grades 3 to 8 each year and to judge school performance on the basis of these test scores. While intended to maximize student learning, there is little empirical evidence about the effectiveness of such policies. This study examines the impact of an accountability policy implemented in the Chicago Public Schools in 1996-1997. Using a panel of student-level, administrative data, I find that math and reading achievement increased sharply following the introduction of the accountability policy, in comparison to both prior achievement trends in the district and to changes experienced by other large, urban districts in the mid-west. However, for younger students, the policy did not increase performance on a state-administered, low-stakes exam. An item-level analysis suggests that the observed achievement gains were driven by increases in test-specific skills and student effort. I also find that teachers responded strategically to the incentives along a variety of dimensions-by increasing special education placements, preemptively retaining students and substituting away from low-stakes subjects like science and social studies. D
Introduction
In January 2002, President Bush signed the No Child Left Behind Act of 2001 (NCLB), ushering in a new era of educational accountability. NCLB strengthens a movement toward accountability in education that has been gathering momentum for nearly a decade. Statutes in 25 states now explicitly link student promotion or graduation to performance on state or district assessments, while 18 states reward teachers and administrators on the basis of exemplary student performance and 20 states sanction school staff on the basis of poor student performance (Quality Counts 2002) . Indeed, accountability policies dwarf all other education reforms in scope. For example, of the nearly 53 million children attending elementary and secondary schools in the country, only 60,000 used vouchers to attend a private school and 580,000 others attended a charter school (Howell and Peterson, 2002; CER, 2002) , whereas the accountability program in Texas alone impacts approximately 3.6 million students and the policies in Chicago and New York City affect an additional 1.5 million students.
The notion behind test-based accountability is that it will provide students, teachers and administrators an incentive to work harder as well as help identify struggling students and schools. Advocates claim that accountability will improve student performance by raising motivation, increasing parent involvement and improving curriculum and pedagogy. Economic theory, however, suggests that high-powered incentives may lead to unwanted distortions. For example, Holmstrom and Milgrom (1991) show that incentive schemes based on objective criteria will lead agents to focus on the most easily observable aspects of a multi-dimensional task. Based on similar logic, critics have argued that such policies will cause teachers to shift resources away from low-stakes subjects, neglect infra-marginal students and ignore critical aspects of learning that are not explicitly tested.
Despite its increasing popularity within education, there is little empirical evidence on test-based accountability (also referred to as high-stakes testing). This paper seeks to fill the gap by examining a test-based accountability policy that was implemented in Chicago Public Schools (ChiPS) in 1997. The ChiPS is an excellent case study for several reasons. First, Chicago was one of the first large, urban districts to implement high-stakes testing, allowing one to track student outcomes for up to 4 years. Second, detailed student level data is available for all ChiPS students with unique student identification numbers that allow one to track individual students over time, examine a variety of outcomes and explore the heterogeneity of effects across various subgroups. Third, the Chicago policy resembles accountability programs being implemented throughout the country, incorporating incentives for both students and teachers.
I explore three fundamental questions about the ways in which students and teachers responded to the accountability policy. (1) Does high-stakes testing increase student achievement? (2) If so, what factors are driving the improvements in performance? Critics of test-based accountability often argue it will simply increase test-preparation activities, thus improving test-specific skills at the expense of more general skills and producing achievement gains that do not generalize to alternative outcome measures. 1 (3) Do teachers and administrators respond strategically to highstakes testing? Accountability policies provide an incentive for teachers to de-emphasize subjects not included in the accountability program and to exclude low-ability students from the official test-taking pool (perhaps by placing them in special education or bilingual programs or encouraging them to stay home on the day of the exam).
I find that math and reading scores on the high-stakes exam increased sharply following the introduction of the accountability policy. These gains were substantially larger than would have been predicted by prior achievement trends in Chicago, and were substantially larger than the achievement changes experienced by other urban districts in Illinois and in other large mid-western cities. Moreover, the pattern of achievement gains is consistent with the incentives provided by the policy, with low-achieving schools showing substantially larger gains than other schools. However, for younger students, the policy did not increase performance on a state-administered, low-stakes exam, suggesting that the achievement gains may have been driven by an increase in skill emphasized predominantly on the high-stakes exam. An item-level analysis provides additional evidence that achievement gains were driven in large part by increases in test-specific skills and student effort. Finally, the results suggest that teachers responded strategically to the incentives along a variety of dimensions-by increasing special education placements, preemptively retaining students and substituting away from low-stakes subjects like science and social studies.
These findings provide strong empirical support for general incentive theories, particularly the notion of multi-tasking (Holmstrom and Milgrom, 1991) . Moreover, the fact that the effects appear more robust for older students (for whom the individual incentives were greatest) suggests that student-oriented accountability may be an important complement to school-oriented accountability policies. Overall, these results suggest that high-stakes testing has the potential to improve student learning, but may also lead to some undesired strategic responses on the part of teachers including a narrowing of teaching to focus on the set of skills emphasized on the high-stakes test.
The remainder of this paper is organized as follows. Section 2 reviews the existing literature on high-stakes testing and provides some background on the Chicago policy. Section 3 discusses the empirical strategy and Section 4 describes the data. Sections 5-7 present the main findings and Section 8 concludes.
Background

Prior research on high-stakes testing
The evidence on school-based accountability programs and student performance is decidedly mixed. Several studies of high school graduation exams have found a positive association between student achievement and such exams (Bishop, 1998; Frederisksen, 1994; Neill and Gayler, 1998; Winfield, 1990) , but studies with better controls for prior student achievement find no achievement effects (Jacob, 2001 ). Richards and Sheu (1992) found modest improvements in student achievement after the implementation of a school-based accountability policy in South Carolina in 1984, but Ladd (1999) found that a school-based accountability program in Dallas during the early 1990s had few achievement benefits (see also Clotfelter and Ladd, 1996) . Smith and Mickelson (2000) found that a similar program in Charlotte-Mecklenburg did not increase the academic performance of students relative to the state average. Several studies note that Texas students have made substantial achievement gains since the implementation of that state's accountability program (Grissmer and Flanagan, 1998; Grissmer et al., 2000; Haney, 2000; Klein et al., 2000; Toenjes et al., 2000; Deere and Strayer, 2001) .
In contrast to the mixed findings regarding achievement effects, there is a growing body of evidence that educators respond strategically to test-based accountability. Figlio and Getzler (2002) and Cullen and Reback (2002) find that schools respond to accountability policies by classifying more students as special needs or limited English proficient (LEP), thereby removing them from the test-taking pool. Koretz and Barron (1998) find survey evidence that elementary teachers in Kentucky shifted the amount of time devoted to math and science across grades to correspond with the subjects tested in each grade. Deere and Strayer (2001) found evidence that Texas schools have substituted across outputs in the face of the Texas Assessment of Academic Skills (TAAS) system, focusing on high-stakes subjects and low-achieving students.
2 Various studies suggest that test preparation associated with high-stakes testing may artificially inflate achievement, producing gains that are not generalizable to other exams (Linn et al., 1990; Shepard, 1990; Koretz et al., 1991; Koretz and Barron, 1998; Stecher and Barron, 1999; Klein et al., 2000) .
High-stakes testing in Chicago
In 1996, the ChiPS introduced a comprehensive accountability policy designed to raise academic achievement. The first component of the policy focused on holding students accountable for learning, by ending a practice commonly known as bsocial promotionQ whereby students are advanced to the next grade regardless of ability or achievement level. Under the new policy, students in third, sixth and eighth grades are required to meet minimum standards in reading and mathematics on the Iowa Test of Basic Skills (ITBS) in order to advance to the next grade.
3 Students who do not meet the standard are required to attend a 6-week summer school program, after which they 2 Deere and Strayer (2001) focus on TAAS gains, though Grissmer and Flanagan (1998) make a similar point regarding NAEP gains. 3 The social promotion policy was actually introduced in Spring 1996 for eighth grade students, although it is not clear how far in advance students and teachers knew about this policy. In general, the results presented here remain the same whether one considers the eighth grade policy to have been implemented in 1996 or 1997. Thus for simplicity, I use 1997 as the starting point for all grades. retake the exams. Those who pass move on to the next grade; those who fail this second exam are required to repeat the grade. Note that eighth graders who failed to meet the promotional requirements were not able to graduate elementary school and move with their cohort to high school. Conversations with students and teachers indicate that this provided eighth grade students with a particularly strong incentive to improve their achievement.
In conjunction with the social promotion policy, the ChiPS also instituted a policy designed to hold teachers and schools accountable for student achievement. Under this policy, schools in which fewer than 15% of students scored at or above national norms on the ITBS reading exam were placed on probation. If they did not exhibit sufficient improvement, these schools could be reconstituted, which involved the dismissal or reassignment of teachers and school administrators. In 1996-1997, 71 elementary schools serving over 45,000 students were placed on academic probation. 4 While ChiPS has only recently closed any elementary schools, teachers and administrators in probation schools as early as 1997 reported being extremely worried about their job security and staff in other schools reported a strong desire to avoid probation (Jacob et al., 2004 ). An early analysis of the policy indicated large achievement gains (Roderick et al., 2002) , but some subsequent analyses have cast doubt on these findings (Bryk, 2003) . 
Empirical strategy
While the Chicago school reforms are by no means a clean experiment, they do provide distinct policy changes that one can exploit to examine the impact of test-based accountability. It is useful to begin by considering exactly how the Chicago policies may have affected student achievement. The first type of treatment involves the incentives provided by the existence of sanctions for poor performance. For example, one might believe that the prospect of sanctions (i.e., summer school and/or retention for students and probation for schools) for low performance may lead to higher achievement by increasing student effort, raising parent participation or improving curriculum and pedagogy. The second type of treatment involves the sanctions themselves. One might think, for example, that attending summer school or repeating a grade may influence an individual student's performance just as receiving services under probation may improve a school's aggregate achievement. 4 Probation schools received some additional resources and were more closely monitored by ChiPS staff. 5 The findings presented in this paper are consistent with Roderick et al. (2002) , which finds a positive impact of the Chicago policy on ITBS scores, but different from Bryk (2003) , which finds less evidence of ITBS effects. Jacob (2003) explores several potential explanations for the differences among these papers. While differences in sample, time period and estimation may explain some of the difference, it is likely that the difference is driven by the fact that Bryk (2003) includes a control for prior achievement with a one-year lag. As explained in footnote 10 in this paper, when examining later cohorts, this specification bover-controlsQ insofar as these prior achievement scores may themselves have been influenced by the accountability policy. For this reason, the results presented in Bryk (2003) do not capture the bfullQ effect of the accountability policy. This analysis focuses on the effect of the incentives, both because prior research suggests that the sanctions themselves had little impact on student performance (Jacob and Lefgren, 2004a,b) and because this allows the cleanest analysis.
6 Still, there are several challenges to identifying the causal impact of the incentives. First, one might be worried that the composition of students has changed substantially during the period in which the policy was implemented (e.g., influx of immigrants, return of middle-class to the public schools). Second, one might be concerned about changes at the state or national level that occurred at the same time as the policy (e.g., state of federal policies to reduce class size or mandate higher quality teachers, improvements in the economy). Finally, one might be worried about other policies or programs in Chicago whose impact was felt at the same time as high-stakes testing.
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To address these challenges, I employ two complementary strategies. First, I use longitudinal student-level data from Chicago to examine changes in achievement for various groups of students following the introduction of the policy. Second, I use a panel of district-level data to compare achievement trends in Chicago to those in other large mid-western cities that did not institute comparable accountability policies over this time period. I focus primarily on students in the grades 3, 6 and 8 (i.e., the bgate-keepingQ grades where students were subject to the individual promotion incentives). The estimates should thus be interpreted as the combined effect of the student-level promotion incentive as well as the school-level accountability incentive. While one would ideally like to disentangle these effects, the compositional changes in non-gate grades (i.e., 4, 5 and 7) make a rigorous comparison of student versus school-level incentives difficult.
8
The availability of longitudinal student-level data allows me to overcome many of the threats to identification. I am able to control for observable changes in student composition by including a rich set of student, school and neighborhood characteristics. Moreover, because achievement data is available back to 1990 (6 years prior to the introduction of the policy), I am also able to account for pre-existing achievement trends within the ChiPS. I will look for a sharp increase in achievement (a break in trend) following the introduction of high-stakes testing as evidence of a policy effect. This short, interrupted time-series design accounts for changes in observable characteristics as well as any unobservable changes that would have influenced student achievement in a gradual, continuous manner 6 Jacob and Lefgren (2004b) examined the resource and monitoring effects of probation using a regression discontinuity design that compared the performance of students in schools that just made the probation cutoff with those that just missed the cutoff. They found that the additional resources and monitoring provided by probation had no impact on math or reading achievement. Using a similar identification strategy that compared students on either side of the cutoff for promotion, Jacob and Lefgren (2004a) found that the summer school and retention programs had a modest positive effect for third graders that faded over time, but no effect for sixth graders.
7 This includes programs implemented at the same time as high-stakes testing as well as programs implemented earlier whose effects are manifest at the same time as the accountability policy was instituted (e.g., an increase in full-day kindergarten that began during the early 1990s).
8 Because the lowest-achieving third and sixth graders were retained beginning in 1997, the subsequent cohorts in grades 4, 5 and 7 will be composed of substantially higher-achieving students. Moreover, many of the fourth, fifth and seventh graders in the later cohorts will have attended summer school, which may have influenced subsequent student performance, particularly in the case of students attending summer school in the third grade. (Ashenfelter, 1978) . 9 Note that this is essentially a difference-in-difference estimator where the first difference is a student-level gain (due to the controls for prior achievement) and the second difference is the change in Chicago from pre-policy to post-policy. The size and scope of the accountability policy in Chicago mitigates concern about other districtwide programs that might have been implemented at the same time as HST. 10 Specifically, I will estimate the following regression model separately for each grade and subject:
where y is an achievement score for individual i in school s in year (cohort) t, X is a vector of student characteristics, Z is a vector of school and neighborhood characteristics, Year serves as a linear time trend, HS1-HS4 are binary variables indicating the 4 years following the introduction of high-stakes testing, and e is a stochastic error term. The inclusion of separate indicators for each post-policy year not only ensures that the linear trend is only estimated off of pre-policy data, but also allows me to trace out the effect of the policy over time. The covariates include not only student, school and neighborhood demographic characteristics, but also measures of prior student achievement in both reading and math.
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The d's in Eq. (1) reflect the average effect of the accountability policy in each year. Insofar as the incentives may be more or less binding for students at different 9 The inclusion of a linear trend implicitly assumes that any previous reforms or changes would have continued with the same marginal effectiveness in the future. If this assumption is not true, the estimates may be biased. In addition, this aggregate trend assumes that there are no school-level composition changes in Chicago. I test this assumption by including school-specific fixed effects and school-specific trends in certain specifications and find comparable results.
10 While there were smaller programs introduced in Chicago after 1996, these were generally part (or a direct result) of the accountability policy. The only significant and distinct programs/policies introduced at roughly the same time as high-stakes testing were a large program of school construction and capital improvement and a modest salary increase for teachers as part of contract renegotiations (a 7% real salary increase for elementary teachers from 1995 to 2000). While there is little evidence to suggest that such factors influence student achievement, I will not be able to separately identify these effects from the effect of high-stakes testing.
11 Specifically, the covariates include age, race, gender, race*gender interactions, guardian, bilingual status, special education placement, prior math and reading achievement, school demographics (including enrollment, racial composition, percent free lunch, percent with limited English proficiency and mobility rate), demographic characteristics of the studentTs home census tract (including median household income, crime rate, percent of residents who own their own homes, percent of female-headed household, mean education level, unemployment rate, percent below poverty, percent managers or professionals and percent who are living in the same house for 5 years) and indicators of the form of the exam given in a particular year (to account for differences in difficulty across forms). Prior achievement is measured by math and reading scores 3 years prior to the base year (i.e., at tÀ3). I include third order polynomials in prior both math and reading prior achievement in order to account for any non-linear relationship between past and current test scores. (Students begin testing in first or second grade, so test scores at tÀ3 are not available for third graders. For this grade, I use second grade test scores as a measure of prior achievement, although using first grade scores yields comparable results.) Prior achievement at tÀ3 is used to ensure that the prior achievement measures are not endogenous-that is, taken after the introduction of the accountability policy. For example, because the 1999 cohort of sixth graders experienced high-stakes testing beginning in 1997, one would not want to include their fourth or fifth grade scores in the estimation. (For the 2000 cohort, test scores at tÀ3 are endogenous as well. As a practical matter, however, it does not appear to make any difference whether one uses prior achievement at tÀ3 or tÀ4, so I have used tÀ3 in order to include as many cohorts as possible.). achievement levels, however, the effects may vary considerably. To capture this type of interaction, I estimate specifications such as:
where HS is an indicator for a high-stakes (i.e., post-policy) year and Low is an indicator that takes on a value of one for student's with low achievement prior to the introduction of the accountability policy.
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An additional concern involves selective attrition. Some students do not take the achievement test because they are absent on the exam day or because they are exempt from testing due to placement in certain bilingual or special education programs. Other students in bilingual or special education programs are required to take the exam but their scores are not reported, meaning that they are not subject to the social promotion policy and their scores do not contribute to the determination of their school's probation status. While there was no change in the proportion of students tested following the introduction of the accountability policy, there was a slight increase in the percent of students whose scores were excluded for official reporting purposes, an issue explored in detail in Section 7.
13
Insofar as these students have low unobserved ability, estimates based on the sample of students who were tested and whose scores were reported might be biased upward. Fortunately, I have data on all students who were tested (not simply those whose scores were included for official reporting purposes), allowing me to account for any non-random selection out of the reporting pool. Estimates shown in Table 4 indicate identical results regardless of whether one uses all tested students or only those whose scores were reported.
A related concern involves the impact of grade retention. Following the introduction of the policy to end social promotion, roughly 7-15% of the lowestachieving students in grades 3, 6 and 8 were retained in grade, which substantially changed the student composition in these grades and will lead one to understate the impact of the accountability policy. For this reason, the main estimates only include students enrolled in their current grade for the first time, although estimates including retained students yield qualitatively similar findings (see Table 4 ).
14,15 In 12 In practice, I also estimate models that allow for differential effects by school-level achievement. If one believes that the policy should have no impact on high-achieving students or schools, the coefficient d 1 in Eq. (2) may be interpreted as the causal impact of the policy (i.e., the third difference estimator). However, for reasons discussed below, there are reasons to believe that the policy may have influenced all students to a certain degree, so these estimates will be interpreted simply as capturing the heterogeneity of treatment effects. 13 There is no significant change in the percent of students leaving the ChiPS (to move to other districts, to transfer to private schools or to drop out of school) following the introduction of the accountability policy.
14 Note that I do not completely exclude retained students from the analysis. These students are included in the sample when they were enrolled in the grade for the first time (e.g., a student who attended sixth grade in 1997 and 1998 would be included as part of the 1997 cohort, but not the 1998 cohort).
15 While focusing on first-timers allows a consistent comparison across time, it is still possible that the composition changes generated by the social promotion policy could have affected the performance of students in later cohorts. For example, if first-timers in the 1998 and 1999 cohorts were in classes with a large number of lowachieving students who had been retained in the previous year, they might perform lower than otherwise expected. This would bias the estimates downward. addition, the main estimates include controls for student age to account for prior grade retention (in non-gate grades), which appears to have increased slightly under the accountability policy. 16 One drawback to this interrupted time-series strategy is that it does not account for time-varying effects that would have influenced student achievement in a sharp or discontinuous manner. One might be particularly concerned about unobservable changes on the state or national level effecting student performance. For example, the National Assessment of Educational Progress (NAEP) indicates that student achievement nationwide increased roughly 0.25 standard deviations in math during the 1990s, although there was no gain in reading.
17 Also, if there is substantial heterogeneity in the responses to the policy, then the achievement changes may appear more gradual and be harder to differentiate from other trends in the system. I attempt to address these concerns using a panel of achievement data on other large, mid-western cities outside of Illinois (e.g., St. Louis, Milwaukee, Cincinnati). (See Appendix B for a more detailed description of this data.) I estimate variations of the following specification:
where y is the average reading or math score for district d at time t, HS1-HS4 are binary variables indicating the year following the introduction of high-stakes testing in Chicago, g are district fixed effects, / are district-specific linear time trends and Z is a vector of time-varying district characteristics. This too is essentially a difference-in-difference estimator where the first difference is time (before vs. after 1997, the year the accountability policy was introduced in Chicago) and the second difference is a comparison of districts (i.e., between Chicago and the control districts). 
Data
This study utilizes detailed student-record data from the ChiPS that includes student identifiers that allow one to track individuals over time. The primary measure of student achievement is the Iowa Test of Basic Skills (ITBS), a standardized, multiple-choice exam developed and published by the Riverside Company. Student scores are standardized (separately by grade using the 1993 student-level mean and standard deviation) in order to compare results across grade level and interpret the magnitude of the effects.
The primary sample used in this analysis consists of students who were in third, sixth and eighth grade from 1993 to 2000 who were tested and whose scores were reported. As noted in the previous section, for most analyses, I limit the sample to students enrolled in a grade for the first time. In order to have sufficient prior achievement data for all students, I further limit the analysis to cohorts beginning in 1993. I delete observations with missing demographic information (b2% of the sample). To avoid dropping students with missing prior achievement data, I impute prior achievement using other observable student characteristics and create a variable indicating that the achievement data for that student was imputed. 19 Finally, note that while the data set includes information on prior achievement scores for each student, the data is not structured as a student-level panel. In other words, the analysis file consists of only one observation per student (see Appendix A for summary statistics on the sample).
Did high-stakes testing increase student achievement in Chicago?
If the accountability policy had a positive impact on student achievement, we would expect ITBS scores to increase starting in 1997. Fig. 1 shows unadjusted math and reading achievement trends in Chicago from 1990 to 2000, combining the data from grades 3, 6 and 8, and standardizing student test scores using the 1990 student-level mean and standard deviation. Following a slight decline in the early 1990s, test scores increased in 1993 and remained relatively constant until 1995 or 1996, after which they began to increase. 20 To control for changes in student composition and prior achievement levels, Fig. 2 plots the predicted versus observed achievement scores for successive cohorts of Chicago students from 1993 to 2000 based on the model shown in Eq. (1). The trends suggest that neither observable changes in student composition nor pre-existing trends in Chicago can explain the substantial improvement in student performance since 1997. By 2000, observed math and reading scores are roughly 0.30 and 0.20 standard deviations higher than predicted.
To provide a more precise estimate of the effects, Table 1 presents OLS estimates corresponding to Eq. (1). Note first that the policy effect appears to be smaller for the first 19 Dropping students with missing prior achievement data yields comparable results. 20 The jump in 1993 is likely due to a new form of the ITBS introduced that year. The ChiPS administered several different forms of the ITBS throughout the 1990s, rotating the forms so that identical forms were never administered in 2 consecutive years. I include form effects in the main estimates to account for this. As an additional robustness check, I show that using only cohorts that took the same form-1994, 1996 and 1998 or 1993, 1995 and 2000-yields comparable results. cohort (the 1997 group) to experience accountability. This is consistent with the fact that the later cohorts experienced more of the btreatmentQ and with the possibility that students and teachers may have become more efficient at responding to the policy over time. It is not possible to distinguish between these hypotheses because the policy was implemented district-wide in 1996-1997. In addition, it appears that the effects are somewhat larger for math than reading. This is consistent with a number of education evaluations that show larger effects in math than reading, presumably because reading achievement is determined by a host of family and other non-school factors while math achievement is determined largely by school.
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While these estimates capture the combined effect of the student and school incentives, they do provide some indirect evidence on the relative importance of these 21 One additional factor is important to note in interpreting these results. The estimates for the latter cohorts may be biased because of compositional changes resulting from grade retention. For example, the 1999 and 2000 eighth grade cohorts will not include any students who were retained as sixth graders in 1997 or 1998 because they will not have reached the eighth grade by this time. (These students will be included in the sample when they do enroll in this grade.) To the extent that retention is correlated with unobservable student characteristics that directly affect achievement, this will bias the estimates. This concern is mitigated in the case of Chicago because retention was decided largely on the basis of an objective and observable test-score cutoff. In fact, Jacob and Lefgren (2004a) found little difference between OLS and IV estimates of summer school and grade retention, suggesting that there may not be much significant correlation (conditional on prior achievement and other observable characteristics). However, even if they were not retained, a proportion of the students in these cohorts will have attended summer school as sixth graders, which Jacob and Lefgren (2004a) show to increase subsequent achievement. Therefore, it is best to interpret these coefficients for the later cohorts as upper bounds on the incentive effect of the policy. factors. Table 1 suggests that the effects were considerably larger for eighth grade students, which is consistent with the fact that eighth graders faced the largest incentives (they cannot move to high school with their peers if they fail to meet the promotional Fig. 2 . Observed vs. predicted achievement levels in Chicago, 1993-2000. The sample includes 3rd, 6th and 8th grade students from 1993 to 2000, excluding retainees and students whose scores were not reported. The scores are standardized separately for each grade using the 1993 student-level mean and standard deviation. The predicted scores are derived from an OLS regression on pre-policy cohorts (1993 to 1996) that includes controls for student, school and neighborhood demographics as well as prior student achievement and a linear time trend. standards). 22 To gain some additional insight on this matter, one can focus on the first year of the policy since it is not contaminated by compositional changes. Doing so, one finds little difference in effects across grades 3-7, suggesting that for younger students the student-oriented incentives had little impact.
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To account for unobserved, time-varying factors at the state and/or national level, one can compare achievement trends in Chicago relative to other large, mid-western cities. Fig.  3 shows that the Chicago and comparison group trends track each other remarkably well from 1993 to 1996, and then begin to diverge in 1997. Math and reading achievement in the The sample includes all grades from 3 to 8 for which test score data was available, and only includes students whose tests scores were reported. Test scores are standardized separately by grade*subject*district, using the student-level mean and standard deviation for the earliest available year.
comparison districts fluctuates somewhat, but remains relatively constant from 1996 to 2000. In contrast, the achievement levels in Chicago rise sharply over this period. Table 2 presents the OLS estimates from Eq. (3), where the outcome measure is district-level average achievement standardized using the student-level mean and standard deviation from the earliest possible year for each grade*subject*district. These results suggest that the accountability policy in Chicago increased student math achievement by roughly 0.33 standard deviations and reading achievement by 0.24 standard deviations. If the improvements in student achievement were caused by the accountability policy, one might expect them to vary across students and schools. 24 In particular, one might expect marginal students and schools to show the largest achievement gains since the policy will be binding for them and they will likely feel that they have a reasonable chance of meeting the standard. To examine the heterogeneity of achievement effects, Table 3 shows OLS estimates based on the specification in Eq. (2). Prior student achievement is based on the average math and reading score 3 years prior to the baseline test year (e.g., fifth grade scores for the eighth grade cohorts).
25 Prior school achievement is based on the percent of students in the school in 1995 that met national norms on the reading exam. Observations are district-level averages by grade, subject and year. Scores are standardized using the mean and standard deviation for the earliest available year for that grade and subject. The comparison cities include Cincinnati, Gary, Indianapolis, Milwaukee and St. Louis.
25 Second grade test scores are used to determine prior achievement for third graders since this is the first year that the majority of students take the standardized achievement exams. 24 In order for teachers and administrators to translate these incentives into differential achievement effects, several conditions must hold. First, production must be divisible. That is, schools must be able to focus attention on certain students and not others, perhaps by providing individualized instruction. If schools rely on class-or school-wide initiatives such as curriculum changes, test preparation or student motivation, then they may not be able to effectively target specific students. Second, the main effect of teacher or student effort must be large relative to that of initial ability or the interaction between effort and initial ability. If teacher effort has a substantially larger effect on high ability students than low ability students, then HST may result in larger gains for higher ability students despite the structure of the incentives. Finally, schools must be able to clearly distinguish between high and low ability students. While this may seem trivial given the prevalence of achievement testing in schools, sampling variation and measurement error in achievement exams may expand the group of students viewed as bmarginalQ by teachers and students. 26 The results are robust to classifying school risk on the basis of achievement in other pre-policy years.
The latest cohorts are excluded from the sample because these students will have experienced previous retentions, which may bias the results.
Model 1 provides the average effect for all students in all of the post-policy cohorts, providing a baseline from which to compare the other results. Model 2 shows how the effects vary across student and school risk level. Note that the omitted category includes the highest ability students (those who scored above the 50th percentile in prior years) in the highest achieving schools (schools where at least 40% of students were meeting national norms in prior years). The prior achievement categories are chosen to roughly correspond to the cutoffs for social promotion and probation, although the results are robust to changes in the category definitions.
Looking across all grades and subjects, several broad patterns become apparent. First, students in low-performing schools seem to have fared considerably better under the policy than comparable peers in higher-performing schools. In sixth grade math, for example, students in the schools where fewer than 20% of students had been meeting national norms in previous years gained 0.159 standard deviations more than comparable peers in schools where over 40% of students had been meeting national norms. This makes sense since the accountability policy imposed much greater incentives on lowperforming schools that were at a real risk of probation. The sample includes first-time, included students in cohorts 1993-1999 for grades 3 and 6, and cohorts 1993-1998 for grade 8. School prior achievement is based on 1995 reading scores. Student prior achievement is based on the average of a student's reading and math score 3 years earlier for grades 6 and 8, and 1 year earlier for grade 3. The control variables are the same as those used in Table 1 . Robust standard errors that account for the correlation of errors within school are shown in parentheses.
Second, students who had been scoring at the 10th-50th percentile in the past fared better than their classmates who had either scored below the 10th percentile, or above the 50th percentile. This is consistent with the incentives imposed on at-risk students by the policy to end social promotion. Moreover, the effect for marginal students appears somewhat stronger in reading than math, suggesting that there may be more intentional targeting of individual students in reading than in math, or that there is greater divisibility in the production of reading achievement. However, it is also important to note that the differential effects of student prior ability are considerably smaller than the differential effects of prior school achievement. This suggests that responses to the accountability policy took place at the school level, rather than the individual student level.
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To test the sensitivity of the findings presented in the previous sections, Table 4 presents comparable estimates for a variety of different specifications and samples. For simplicity, I only present results for the 1998 eighth grade cohort.
28 Row 1 shows the baseline estimates. The next three rows show that the results are not sensitive to including students who either were in that grade for the second time (e.g., retained students) or whose test scores were not included for official reporting purposes because of a special education or bilingual classification. Rows 5 and 6 expand the sample even further, including students with missing outcome data, and instead imputing test scores using different rules. The inclusion of these students does not change the results. Rows 7 to 9 examine the robustness of the findings to the exclusion of prior test score data and/or pre-existing achievement trends, finding that neither of these alternative specifications substantially change the results. Row 10 presents estimates that include school fixed effects and obtains similar results, indicating that the composition of schools in Chicago did not change appreciably over this time period. Finally, rows 11 and 12 estimate the findings using only the 1994, 1996 and 1998 cohorts, all of which took Form L of the ITBS. This should control for any changes in form difficulty that may confound the results. We see that, while the results shrink somewhat, they are still statistically significant and large in magnitude.
What factors are driving the improvements in performance in Chicago?
Even if a positive causal relationship between high-stakes testing and student achievement can be established, it is important to understand what factors are driving the improvements in performance. Critics of test-based accountability often argue that the primary impact of high-stakes testing is to increase the time spent on test-specific preparation activities, which could improve test-specific skills at the expense of more general skills. Others argue that test score gains reflect student motivation on the day of the exam. While many of these responses are not directly observable, this section attempts to shed some light on the factors driving the achievement gains in Chicago, first by comparing student performance across exams and then by examining the test score improvements across items. 
The role of general skills
Even the most comprehensive achievement exam can only cover a fraction of the possible skills and topics within a particular domain. Because all standardized tests differ to some extent in format and content, one would not expect gains on one test to be completely reflected in performance changes on another exam. Differential changes in student effort across exams also complicate the comparison of performance trends from one test to another. Nonetheless, it is instructive to compare achievement changes on the high-stakes exam to changes on alternate tests since this will provide information on the extent to which improvements in general versus test-specific skills were driving the observed test score gains.
Under the Chicago accountability policy, student promotion and school probation are based entirely on the Iowa Test of Basic Skills (ITBS), an exam that has been administered by the district for many years. However, during the 1990s, Chicago students also took a state-administered achievement exam known as the Illinois Goals Assessment Program (IGAP). While it is not possible to directly compare the content of the two exams because the IGAP is not publicly released, a review of sample items and other test documentation suggests that the exams are generally comparable, although the IGAP math exam may place somewhat greater emphasis on critical thinking and less emphasis on computation. 29 Ideally, one would like to compare ITBS and IGAP performance in both mathematics and reading comprehension over the same time period. Unfortunately, student-level IGAP data is only available from 1994 to 1998, although school level data is available for 1993. 30 Moreover, technical problems with the IGAP reading exam limit its comparability over time (Pearson and Shanahan, 1998) . For this reason, the analysis of Chicago trends focuses on math achievement.
If the accountability policy operated by increasing general skills, or a broad enough range of specific skills, the observed ITBS gains in Chicago should be reflected in the IGAP trends. Fig. 4a shows IGAP math performance in Chicago from 1993 to 1998 for students in each grade for the first time (i.e., comparable to the sample used for the ITBS analysis). While student performance improved over this period in all grades, it appears that only in eighth grade did achievement increase (relative to the pre-existing trend) after the introduction of the accountability policy. 31 In fact, third grade IGAP performance seems to have decreased relative to trend under high-stakes testing. The top panel of Table 5 presents OLS estimates of the effect of high-stakes testing on IGAP and ITBS scores in 29 Both are timed, multiple-choice tests. It appears that the IGAP math exam has fewer straight computation questions, and that such questions are asked in the context of a sentence or word problem. The IGAP reading exam appears to be more difficult and more heavily weighted toward critical thinking skills than the ITBS exam insofar as it has a fewer number of longer passages, questions with multiple correct responses and questions asking students to compare passages. 30 School level IGAP data is available starting in 1990, but changes in the scaling of the exam in 1993 prevent one from comparing scores in 1990-1992 to later years. In 1999, Illinois introduced a new exam, the Illinois Student Assessment Test (ISAT). Because the ISAT and IGAP have not been equated, it is not possible to compare achievement levels before and after 1998. 31 Recall that the student promotion incentives were introduced in 1996 for eighth grade students, but not until 1997 for third and sixth grade students.
Chicago, based on the cohorts from 1994 to 1998 and derived from a specification comparable to Eq. (1). As a basis for comparison, columns 1-3 present estimates of the ITBS effects (the coefficients reflect the average effects across all included post-policy years).
32 Columns 4-6 show the effect of high-stakes testing on math IGAP scores in Chicago. The estimates suggest that, relative to trend, high-stakes testing led to a decline in IGAP scores among third graders of roughly 0.13 standard deviations, had no effect on scores among sixth graders and increased eighth grade scores by roughly 0.26 standard deviations. In the top panel, the unit of observation is the student and the sample includes cohorts 1994-1998. The specification corresponds to Eq. (1) and the estimates shown are the average effects for all post-policy cohorts, with standard errors clustered to account for the correlation of students within schools. In the bottom panel, the sample includes all elementary schools in Chicago and 34 comparison districts in Illinois in the period 1993-1998 (see Appendix B for greater detail). The unit of analysis is the grade-school-year, and the dependent variable is the average IGAP score standardized by the 1993 Illinois state mean and the 1994 student level standard deviation in Chicago (to be comparable with the student level results). The control variables include: percent black, percent Hispanic, percent Asian, percent Native American, percent low-income and percent limited English proficient. The regressions are weighted by the number of students enrolled in the school. Robust standard errors that account for the correlation of errors within districts are shown in parentheses.
32 These estimates are roughly comparable to those presented in Table 1 . The estimates for third grade differ because student performance dropped noticeably from 1993 to 1994 for this cohort, leading the 1994-1996 trend to be considerably steeper than the trend from 1993 to 1996.
To test the robustness of these results, one can compare IGAP trends in Chicago to those in other urban districts in Illinois. This not only accounts for any statewide factors that might have impact IGAP performance over this period, but also allows one to examine reading performance since the equating problems with the IGAP reading exam influenced all districts in the state. Fig. 4b shows IGAP achievement trends in Chicago relative to other urban districts in Illinois from 1993 to 1998 (see Appendix B for details on the construction of comparison districts). Chicago students scored between 0.40 and 0.80 standard deviations below students in other urban districts in 1993, but this achievement gap appears to have narrowed during the mid-1990s. However, only in eighth grade does there appear to be any improvement (relative to the prior trend) under the accountability regime. The bottom panel of Table 5 shows OLS estimates of the relationship between high-stakes testing and performance on the low-stakes achievement exam, derived from a specification like Eq. (3). Consistent with the student level results, this analysis suggests that high-stakes testing in Chicago had no effect on IGAP performance among third and sixth graders, but did increase IGAP scores in eighth for reading as well as math.
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Together with the earlier results, these findings seem to suggest that the accountability policy in Chicago led to a broad-based improvement in student performance for older students, but primarily led to an increase in test-specific skills among younger students. There are several caveats to this interpretation. First, because the IGAP results only focus on the initial years of the program, it is possible that later cohorts may have experienced more general improvements (a plausible scenario given the larger ITBS gains experienced by these cohorts). Second, to the extent that the introduction of high-stakes testing based on the ITBS lowered student test-day effort on the IGAP, the IGAP estimates presented above may be biased downward.
Perhaps most importantly, however, there is reason to believe that the IGAP was viewed as a moderate-stakes exam prior to the introduction of the accountability policy in Chicago (e.g., student-level test scores were reported to parents, school-level results were published in local newspapers, and the state had begun to use IGAP results to place schools on a bwatch-listQ). The fact that IGAP scores in Chicago were improving since the early-to-mid-1990s suggests that students and teachers may have been responding to these incentives. In this context, the introduction of the Chicago accountability policy in 1997 may be viewed as shifting the relative importance of the two exams. This would suggest that the IGAP trends may not provide a clean counterfactual with which to assess changes in general skills and, specifically, that the IGAP results may understate the improvements in general skills among Chicago students. More generally, however, this further reinforces the conclusion that students and teachers are quite responsive to such incentives and respond by focusing on the particular exam used for accountability purposes.
The role of specific skills
If the ITBS gains were not driven primarily by an increase in general skills, it is possible that they were the result of improvements in ITBS-specific skills. 34 To the extent that the disproportionately large ITBS gains were driven by ITBS-specific curriculum alignment or test preparation, we might expect to see the largest gains on ITBS items that are easy to teach and/or relatively common on the ITBS. In math, these include questions that test computation and basic number concepts (e.g., arithmetic with negative and positive numbers, ordering numbers in sequence, using place value and scientific notation, etc.). Table 6 presents OLS estimates of the relationship between high-stakes testing and ITBS math achievement by item type in which the unit of analysis is grade-year-item. The sample includes grades 3, 6 and 8. By focusing on only those cohorts that took Form L (i.e., the 1994, 1996 and 1998 cohorts), this analysis allows one to compare student performance on identical questions over time. The dependent variable is the proportion of students who answered the item correctly in the particular year. Note that these specifications also include controls for grade and item difficulty to account for the correlation between item type, position and difficulty (e.g., the fact that the more difficult items are often included at the end of the exam and that certain types of questions are inherently more difficult for students).
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Column 1 classifies questions into two groups-those testing basic skills such as math computation and number concepts and those testing more complex skills such as estimation, data interpretation and problem-solving (i.e., word problems). Students in 1998 were 1.7 percentage points more likely to correctly answer questions involving complex skills in comparison to cohorts in 1994 and 1996. The comparable improvement for questions testing basic skills was 3.9 percentage points, suggesting that under accountability students improved more than twice as much in basic skills as compared with more complex skills. Column 2 separates items into five categories-computation, number concept, data interpretation, estimation and problem-solving-and shows the same pattern. In column 3, the items are classified into very detailed categories, providing even more information on the relative gains within the math exam. Student performance on items involving whole number computation (the omitted category) increased 3.5 percentage points. Interestingly, the point estimates suggest that students improved even more-nearly 5.7 percentage points-on items involving computation with fractions (though the difference is only marginally significant). Questions testing knowledge of probability and statistics also appear to have made relatively large gains. In contrast, students appear to have made no improvement on questions involving estimating compensation (problems involving currency) and the effective use of various strategies to solve word-problems, and very little (if any) improvement on items involving multiple-step word problems, measurement and interpreting relationships shown in charts, graphs or tables. 35 The item difficulty measures are the percentage of students correctly answering the item in a nationally representative sample used by the test publisher to norm the exam. Interactions between item difficulty and the accountability regime (1998 cohort) are included as well. The coefficients on the item difficulty*high-stakes interactions are generally insignificant. 34 Based on analysis of teacher survey data, Tepper (2002) concluded that ITBS-specific test preparation and curriculum alignment increased following the introduction of the accountability policy. Table 7 presents similar estimates for reading. The first column includes no indicator for item type while columns 2 and 3 include increasingly more detailed item-type classifications. Unlike math, it appears that the improvements in reading performance were distributed equally across question type. This analysis suggests that test preparation may have played a large role in the math gains, but was perhaps less important in reading improvement. One reason may be that it is relatively easier to teach specific math skills whereas reading instruction in the elementary grades may focus largely on phonics, practice reading or other activities that are not specifically geared to particular test items. Another explanation is that reading skills are more likely than math skills to be learned out of school. Table 6 The relationship between item type, position and improvement on the ITBS math exam
Independent variables
Dependent variable = proportion of students answering the item correctly The sample consists of all tested and included students in grades 3, 6 and 8 in years 1994, 1996 and 1998. The units of observation are item*year proportions, reflecting the proportion of students answering the item correctly in that year. Other covariates included but not shown: main effects for grade, item difficulty, item position, item type and interactions for item difficultyÂ1998.
The role of effort
Student effort is another likely candidate for explaining the large ITBS gains. Interview and survey data provide evidence that students, particularly those in sixth and eighth grades, were acutely aware of and worried about the accountability mandates (Tepper, 2002; Roderick and Engel, 2001; Jacob, Stone and Roderick, forthcoming) . If the consequences associated with ITBS performance led students to concentrate more during the exam or caused teachers to ensure optimal testing conditions for the exam, test scores may have increased regardless of changes in general or test-specific skills.
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Test completion is one indicator of effort. Prior to the introduction of high-stakes testing, roughly 20% of students left items blank on the ITBS reading exam and nearly 38% left items blank on the math exam, despite the fact that there was no penalty for guessing. 37 If we believe that ITBS gains were due largely to guessing, we might expect the percent of Table 7 The relationship between item type, position and improvement on the ITBS reading exam Dependent variable = proportion of students answering the item correctly The sample consists of all tested and included students in grades 3, 6 and 8 in years 1994, 1996 and 1998. The units of observation are item*year proportions, reflecting the proportion of students answering the item correctly in that year. Other covariates included but not shown: main effects for grade, item difficulty, item position, item type and interactions for item difficultyÂ1998.
36 This might also be considered an effect of better testing conditions. Figlio and Winicki (in press ) present evidence that schools attempt to enhance testing conditions by altering the content of meals served to students during testing. 37 The math exam consists of three subsections and is thus roughly three times as long as the reading exam.
questions answered to increase, but the percent of questions answered correctly (as a percent of all answered questions) to remain constant or perhaps even decline. However, from 1994 to 1998, the percent of questions answered increased by 1-1.5 percentage points while the percent correct as a fraction of the percent answered increased by 4-5 percentage points, suggesting that the higher completion rates were not due entirely to guessing. This pattern is true even among the lowest achieving students who left the greatest number of items blank prior to the accountability policy. Even if we were to assume that the increase in item completion is due entirely to random guessing, however, guessing could only explain 10-15% of the observed ITBS gains. While increased guessing cannot explain a significant portion of the ITBS gains, other forms of effort may play a larger role. Insofar as there is a tendency for children to bgive upQ toward the end of the exam-either leaving items blank or filling in answers randomly-an increase in effort may lead to a disproportionate increase in performance on items at the end of the exam. One might describe this type of effort as test stamina-the ability to continue working and concentrating throughout the entire exam. In order to identify test stamina effects, the estimates in Tables 6 and 7 include variables indicating the item positionspecifically, dummy variables denoting into which quintile of the exam the item falls. The results are mixed. In math, we see no relationship between item position and improvement under accountability, perhaps because the math exam is divided into several sections, each of which is relatively short. In reading, on the other hand, student performance on items at the end of the exam increased significantly more than performance on items at the beginning of the exam. In column 1, for example, we see that under the accountability policy, students improved 3.6 percentage points on items in the first quintile of the exam compared with 6.7 percentage points on items in the final quintile (note that this is conditional on item difficulty since items tend to get progressively difficult on the exam). This suggests that effort may have played a role in the ITBS gains seen under high-stakes testing.
Did educators respond strategically to high-stakes testing?
Given the consequences attached to test performance in certain subjects, one might expect teachers and students to shift resources and attention toward subjects included in the accountability program. We can examine this by comparing trends in math and reading achievement after the introduction of high-stakes testing with test score trends in social studies and science, subjects that are not included in the Chicago accountability policy. Unfortunately, science and social studies exams are not given in every grade and the grades in which these exams are given has changed over time. For this reason, we must limit the analysis to grades four and eight, from 1995 to 1998. 38 38 For eighth grade, we compare achievement in the 1996 and 1998 cohorts in order (i) to compare scores on comparable test forms and (ii) to avoid picking up test score gains due solely to increasing familiarity with a new exam. There is a considerable literature showing that test scores increase sharply the second year an exam is given because teachers and students have become more familiar with the content of the exam. See Koretz (1996) . For fourth grade, we do not use the 1998 cohort because of the compositional changes due to third grade retentions in 1997. Instead, we compare achievement gains from 1996 to 1997. Table 8 shows that achievement gains in math and reading were roughly two to four times larger than gains in science and social studies, although science and social studies scores also increased under high-stakes testing. The distribution of effects is also somewhat different for low vs. high-stakes subjects. In math and reading, students in lowachieving schools experienced greater gains but, conditional on school achievement, lowability students appeared to make only slightly larger gains than their peers. In science and social studies, on the other hand, low ability students showed significantly lower gains than their higher-achieving peers, while school achievement had little if any effect on science and social studies performance. This suggests that schools may have shifted resources across subjects, particularly for low-achieving students, which is consistent with findings by Koretz and Barron (1998) and Deere and Strayer (2001) .
Under the accountability policy, teachers have an incentive to dissuade low-achieving students from taking the exam and/or to place low-achieving students in bilingual or special education programs so that their scores do not bcountQ against the school.
39 Table 9 shows OLS estimates of the change in testing, reporting and special education placement under the accountability regime derived from a specification like Eq. (1) that includes controls for student, school and neighborhood demographics (including prior achieve- Cells contain OLS estimates based on comparisons of the 1996 and 1998 cohorts for grade 8 and the 1996 and 1997 cohorts for grade 4, controlling for the student, school and neighborhood demographics described in the notes to Table 1 . ITBS scores are standardized separately by grade and subject, using the 1996 student-level mean and standard deviation. Estimates in the top row are based a model with no interactions. The estimates in the subsequent rows are based on a single regression model that includes interactions between high-stakes testing and student or school prior achievement, with high ability students in high-achieving schools as the omitted category. Robust standard errors that account for the correlations of errors within schools are shown in parentheses. ment) as well as pre-existing trends. 40 The sample is limited to the period from 1994 to 1998 because some special education and reporting data is not available for the 1993 cohort and estimates for the 1999 and 2000 cohorts are likely to be confounded by earlier grade retention. 41 Bilingual students are also excluded from this analysis since changes in the bilingual policy are confounded with the introduction of high-stakes testing. 42 The results shown here pool grades 3, 6 and 8 since the effects are comparable across these grades (tables available from author upon request). 43 The results suggest that the accountability policy increased the proportion of students in special education, but had no effect on the proportion of students who took the standardized The sample includes all non-bilingual, first-time students in grades 3, 6 and 8 from 1994 to 1998. The baseline mean is the average for the 1994-1996 cohorts, and the coefficient on high-stakes reflects the average effect for the 1997-1998 cohorts. Control variables are the same as those described in the notes to Table 1 , fully interacted with grade. Robust standard errors that account for the correlation of errors within schools are shown in parentheses. 40 Probit estimates evaluated at the mean yield comparable results. 41 Students who were previously in special education were more likely to have received waivers from the accountability policy, and thus more likely to appear in the 1999 or 2000 cohorts. One alternative would be to control for special education placement at tÀ3 or tÀ4, but data is not available this far back for the earlier cohorts. 42 Prior to 1997, the ITBS scores of all bilingual students who took the standardized exams were included for official reporting purposes. During this time, ChiPS testing policy required students enrolled in bilingual programs for more than 3 years to take the ITBS, but teachers were given the option to test other bilingual students. According to school officials, many teachers were reluctant to test bilingual students, fearing that their low scores would reflect poorly on the school. Beginning in 1997, ChiPS began excluding the ITBS scores of students who had been enrolled in bilingual programs for 3 or fewer years to encourage teachers to test these students for diagnostic purposes. In 1999, the ChiPS began excluding the scores of fourth year bilingual students as well, but also began requiring third-year bilingual students to take the ITBS exams. 43 The estimates shown here come from fully interacted models that allow all of the coefficients to differ for each grade. achievement exams. Focusing on the first column in the top panel, we see that participation in special education increased by one percentage point (roughly 8%) following the introduction of high-stakes testing. Columns 2-4 indicate that these increases were largest within low-achieving schools. Columns 4-7 show the estimates separately by school achievement level, but only for those students whose prior achievement put them at risk for special education placement (i.e., students in the bottom quartile of the national achievement distribution). Consistent with the incentives provided under the accountability regime, special education rates increased the most among low-achieving students in low-achieving schools-a gain of 3.6 percentage points (roughly 18%). Given that the test scores of many special education students are not counted toward the school's overall rating, one would expect that the changes in special education rates would coincide with a decrease in the proportion of students whose scores count. 44 The estimates in the middle panel show that bottom-and middle-tier schools were significantly less likely to bcountQ the test scores of low-achieving students under high-stakes testing. In contrast, the results in the bottom panel show that the accountability policy did not have a significant effect on the likelihood students were tested, suggesting that teachers and administrators did not begin actively dissuading low-achieving students from taking the achievement exams.
Another way for teachers to shield low-achieving students from the accountability mandates is to preemptively retain them-that is, hold them back before they enter grade 3, 6 or 8. By doing so, teachers allow these children to mature and gain an additional year of learning before moving to the next grade and facing the high-stakes exam. Thus, even in grades not directly affected by the promotional policy, retention rates may have increased under high-stakes testing.
45 Table 10 presents OLS estimates of the effect of high-stakes testing on grade retention in these grades for the 1994-2000 cohorts which were, as above, derived from a specification like Eq. (1) that includes controls for student, school and neighborhood demographics (including prior achievement) as well as preexisting trends. 46 The top panel shows the results for grades 1 and 2. The estimates in column 1 indicate that high-stakes testing increased the grade retention among these students by 2.3 percentage 45 Roderick et al. (2000) found that retention rates in kindergarten, first and second grades started to rise in 1996 and jumped sharply in 1997 among first and second graders. Building on this earlier work, the analysis here (a) controls for changes in student composition and pre-existing trends, (b) explicitly examines heterogeneity across students and schools and (c) examines similar trends in grades 4, 5 and 7. 44 The decision whether the test scores of a special education student count toward the school's rating depends on the specific nature of the learning disability. 46 The one key difference in these specifications is that the 1996 cohort is included in the post-policy group because the outcome (i.e., grade retention) reflects a decision that took place the following year-i.e., the decision regarding grade retention that teachers made for the 1996 cohort determined the student's grade in 1997. Because the policy was announced in 1996, teachers who were concerned about particular students facing the new standards in 1997 were likely to preemptively retain them in 1996, effective for the 1997 (i.e., 1996-1997) school-year. However, estimates based only on the 1997-2000 cohorts yield comparable results, as do Probit estimates evaluated at the mean (tables available from the author upon request). Also, the effects across grades within the two categories were comparable. A final note on the specification is that the estimates for students in grades 1-2 do not include controls for prior achievement since many students do not take the kindergarten and first grade exams. For these grades, low-achieving students were identified based on predicted achievement from a model that included the set of demographics described earlier along with test scores when available. points, or roughly 64% given the baseline rate of 3.6%. Consistent with the incentives provided by the accountability policy, the increases were largest among the lowestachieving schools. Interestingly, there were also large increases among bottom quartile students in the top achieving schools. In the bottom panel, we see similar patterns for students in grades 4, 5 and 7. Retention rates in these grades increased approximately 130% under the accountability policy. Indeed, among low-achieving students in the bottom schools, the rates increased by nearly 180%.
Overall, these results suggest that teachers responded strategically to the accountability policy, particularly in terms of special education placement and grade retention. It is less clear, however, whether these responses were optimal from the perspective of maximizing student learning. While many educators believe that special education and grade retention have negative impacts on student performance, there is little convincing evidence on either issue. 47 Two results hint that the teacher responses may not have been as detrimental to student learning as the prior education literature suggests-special education rates among bottom quartile students prior to the accountability policy were considerably higher in top schools than bottom schools, and the increase in grade retention among bottom quartile students was nearly as large in high-achieving schools as in lowachieving schools. The sample includes all first-time students in these grades from 1994 to 2000. The baseline mean is the average for the 1993-1995 cohorts, and the coefficient on high-stakes reflects the average effect for the 1996-2000 cohorts. Control variables are the same as those described in the notes to Table 1 , fully interacted with grade. Robust standard errors that account for the correlation of errors within schools are shown in parentheses. 47 There is little good evidence on the long-term causal impact of either intervention since most studies are plagued by selection bias. Two recent studies that attempt to address these issues include Hanushek et al. (1998) , which finds that special education has a modest positive impact on achievement and Jacob and Lefgren (2004a) who find that grade retention has a mixed effect on student achievement.
Conclusions
The passage of No Child Left Behind ensures that test-based accountability will be a pervasive force in elementary and secondary education for years to come. Yet despite the growing importance of high-stakes testing, there is limited empirical evidence on its impact. This paper seeks to provide some evidence on the topic by examining the testbased accountability program implemented in Chicago. Utilizing detailed enrollment and achievement data for successive cohorts of elementary students, I am able not only to examine the impact of the high-stakes testing on student achievement, but also to explore the factors driving changes in student performance and to test for strategic responses on the part of teachers.
The results of this analysis suggest that the high-stakes testing policy led to substantial increases in math and reading performance on the high-stakes test. The test score gains in Chicago were on the order of 0.20-0.30 standard deviations, roughly comparable to the effects of the Tennessee STAR class size reduction program that lowered class size in the early elementary grades from 22 to 15 students (Krueger, 2000) . However, for younger students, I find no comparable increase in student test scores on the lower-stakes, state-administered IGAP exam. An item-level analysis indicates that the improvements on the high-stakes test were driven largely by an increase in specific skills (i.e., computation skills in the case of math) and student effort (particularly on the reading exam). Finally, it appears that teachers responded strategically to the incentives along a variety of dimensions-by increasing special education placements, preemptively retaining students and substituting away from lowstakes subjects like science and social studies.
These findings provide strong empirical support for general incentive theories, particularly the notion of multi-tasking (Holmstrom and Milgrom, 1991) . Moreover, the results belie the view espoused by many policy-makers that teachers and schools are impervious to change. However, it is less clear how to evaluate high-stakes testing as a school reform strategy based on these results. Because the achievement gains are driven largely by increases in skills emphasized on the ITBS exam (at least among younger students), an assessment of the policy depends largely on how one values these skills and how much one believes that there has been a decrease in other skills that are not assessed on standardized achievement exams. The accountability policy also led to modest increases in special education placement and grade retention, though it is not yet clear whether the responses will help or harm students in the long-run. Overall, these results suggest that high-stakes testing has the potential to substantially improve student learning, but may also lead to some strategic responses on the part of teachers, which educators and policymakers will need to understand and account for in developing accountability policies in the future. The sample includes students in grades 3, 6 and 8 from 1993 to 2000 who were not missing demographic information.
a Excludes retainees (i.e., students attending the grade for the second or third time). Includes students in 1997 to 2000 cohorts, although the promotional criteria changed somewhat over this period. Based on the census tract in which the student was living, with data taken from the 1990 census.
Appendix B
B.1. Comparison districts in Illinois
The data for these districts was drawn from breport cardsQ compiled by the Illinois State Board of Education, which provides average IGAP scores by grade and subject as well as background information on schools and districts. In total, there were 840 elementary school districts in Illinois in 1990. To identify comparable districts, I first determined which districts were in the top decile in terms of the percent of students receiving free or reduced price lunch, percent minority students, and total enrollment and in the bottom decile in terms of average student achievement (averaged over third, sixth and eighth grade reading and math scores based on 1990 data). Chicago ranked first in terms of enrollment, 12th in terms of percent of low-income and minority students and 830th in student achievement. I defined the Illinois comparison group to include all districts that fell into the bottom decile in at least three out of four of the categories. Using this criterion, the following 34 districts were included (see table below). I experimented with several different inclusion criteria and found that the results of the analysis were not sensitive to the specific districts chosen. In the analyses comparing Chicago to these districts, I controlled for the following time-varying district characteristics: percent black, percent Hispanic, percent Asian, percent Native American, percent low-income, percent limited English proficient, average daily attendance, mobility rate, school enrollment, pupil-teacher ratio, log(average teacher salary), log(per pupil expenditures), percent of teachers with a BA degree and the percent of teachers with a MA degree or higher. ALTON 
B.2. Comparison districts outside Illinois
To identify plausible comparisons outside of Chicago, I searched for districts that met the following selection criteria: (1) they served large cities in the Midwest; (2) they did not enact a test-based accountability policy during the mid-to-late-1990s; and (3) they administered standardized achievement exams to at least some elementary grades on an annual basis during this time period, and were willing to release this data. The following five districts met these criteria and were included in the analysis (with the name of the achievement exam as well as years and grades for which achievement data was available in shown in parentheses): Cincinnati, OH (Ohio Proficiency Test; 1996 grades 4, 6, 8); Gary, IN (CTBS-4/5, 1994 grades 3, 6, 8); Indianapolis, IN (CTBS-4/5, 1993 grades 3, 6, 8) ; Milwaukee, WI (Wisconsin Knowledge and Concepts Test; 1996 grades 4, 8); and St. Louis, MO (SAT-8/9; 1993 grades 1, 5, 6 ). In the analysis, district-level averages are standardized using the student-level mean and standard deviation from the earliest possible year for each grade*subject*district.
